Morpho-functional traits and plant response to drought conditions in seedlings of six native species of Ecuadorian Ecosystems.Flora http://dx.doi.org/10.1016/j.flora. 2017.05.012 This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain. controlled drought periods were used to investigate biomass allocation patterns, the root system morphology and gas exchange patterns of species, respectively. The main results indicated that speciesspecific differences in morpho-functional traits and allocation patterns determined responses to water availability and drought conditions. Low relative growth rate, leaf area ratio and specific leaf area, and high specific root length, were related to drought-resistant species as P. sprucei and C. spinosa. In contrast, a high or moderate relative growth rate, leaf area and root biomass, but low specific root length as in A. ferruginea, S. molle, C. montana, were related to lower resistance to drought conditions. Despite
Introduction
In the last decade, several studies have indicated the effects of climate change on the distribution of plant species and associated wildlife (González et al., 2010; Bréda and Peiffer, 2014) , being particularly vulnerable the mountain forests and relict vegetation (Thuiller et al., 2005; IPCC, 2013) . Ecuadorian forests and shrublands are included in Tropical Andean ecosystems, which have been identified as being highly vulnerable to climate change (Urrutia and Vuille, 2009; Buytaert et al., 2011) , particularly as a result of changing precipitation regimes and extreme seasonal drought events (Anderson et al., 2011) .
Drought, flooding and rising temperatures as a result of climate change (IPCC, 2013) can affect the establishment of new individuals guaranteeing the persistence of species and plant communities. On a longer time scale, these changes in climatic conditions could transform the structure of forest ecosystems, or even replace some forest types with others (Mestre and De Cara, 2009 ). This would, therefore, lead to changes in species composition and diversity. Species less resistant to drought conditions will become more vulnerable to the impact of climate change and will thus be more susceptible to extinction in their current habitats.
Plant responses to drought have been associated with morphological and physiological traits (Hernández et al., 2010; Vilagrosa et al., 2014) . Morphological variables are widely used to assess seedling field performance. They are relevant since imbalances in the performance of seedlings, such as changes in the shoot : root ratio (transpiration surface : root absorbing surface) can affect plants' capacity to cope with drought periods (Baquedano and Castillo, 2007) or seedling survival after planting (Grossnickle, 2012) .
The variables related to root systems will determine water uptake capacity and contribute to a better seedling water status under drought stress conditions (Chirino et al., 2008; Trubat et al., 2012) . Gas exchange variables as stomatal conductance, transpiration or photosynthetic rate have been commonly associated with plant shoot and root morphology and also with xylem resistance to cavitation. All of these variables have been used to assess plant responses to drought conditions (Vilagrosa et al., 2010; Vasques et al., 2013) .
In this context, knowledge about the functional traits and patterns of biomass allocation, root structure and rooting habits, and water use efficiency during a drought period can help to improve our capacity to predict the impact of drought on species and communities (Vilagrosa et al., 2014) . For this study, we selected six native species from three Ecuadorian ecosystems. Alnus acuminata (semi-deciduous tree) and Cedrela montana (deciduous tree) which live in lower montane evergreen forest (wet ecosystem) are ecologically relevant for forest regeneration, and are used in pharmaceutical, food and forest industries (Smith, 1960; Alonso-Amelot et al., 2005) . Podocarpus sprucei and Aegiphila ferruginea, both evergreen trees belonging to montane cloud forest (wet ecosystem), are endangered species (IUCN, 2013) and near threatened species (IUCN, 2004) , respectively. The other two studied species live in montane dry shrubland (dry ecosystem). They are Schinus molle (evergreen tree), which is highly valuable commercially (Brandt et al., 2012; Ibrahim and Haggag, 2013) , and Caesalpinia spinosa (semi-deciduous tree) which is cultivated as a source of value products (De la Cruz, 2004; López et al., 2011) and medicinal uses (Agapito and Sung, 1998) . These six native Ecuadorian species have been extensively studied for their economic, conservation and social importance (Alonso-Amelot et al., 2005; López et al., 2011; Brandt et al., 2012) , but have been less studied for their resistance to future environmental stress conditions like drought events (Esperón-Rodríguez and Barradas, 2015) .
In a climate change context, studying the drought response of the selected species is singularly important for forest conservation and tropical forest restoration programmes. The hypothesis of this work was that species from dry ecosystems will be more resistant to drought than species from wet ecosystems due to developed functional traits. To test this hypothesis, our objective was to study the main morphofunctional traits related to water use and drought resistance in the selected native plant species of Ecuadorian ecosystems during an imposed drought period. In order to investigate the level of resistance to drought events, the following issues were analysed: (1) assess the main morphological traits of these species in terms of allocation among roots, shoots and leaf biomass; (2) assess the pattern of response in gas exchange under different soil water content conditions; (3) relate the morphological traits of these species with their gas exchange responses.
Material and Methods

Plant material
Six native species from three vegetation types (montane dry shrubland, montane cloud forest and lower montane evergreen forest) of Ecuadorian ecosystems were selected (Table 1) . These species were cultivated for one year in a local nursery. They were grown in polyethylene bags (240 cm 3 ), using a mixture of black peat (60%) and forest soil (40%). The watering regime was 15 mm during the wet season, applied 1 day/week, and 25 mm during the dry season, applied 2 days/week. Before the experiment assessments began, 200 one-year-old seedlings of the six selected species (total: 1.200 seedlings) were transplanted into 3.5-litre pots and cultivated for 3 months (from 28 July to 26 October, 2015) in a standard greenhouse. The standard greenhouse had temperature control, which worked by a system of open-closed windows, but had no automatic air humidity control. The shoot height and basal diameter (mean ± standard deviation) of seedlings from local nursery was 23.9 ± 8.9 cm and 5.3 ± 1.6 mm respectively. The culture period in the greenhouse and the experimental period were carried out in the nursery of the Faculty of Natural Resources, Polytechnic Higher School of Chimborazo (ESPOCH), located in 1° 39' S and 78° 40' W, at an altitude of 2.726 m a.s.l.
[Place Table 1 here] A mixture of black peat (40%), forest soil (20%, sandy-loamy texture), river-washed sand (25%), bark of rice grains (10%) and crushed pumice (5%, 3-5 mm grain size) was used as the growing medium for the culture period in the greenhouse. An additional slow-release fertiliser (Basacote Plus, N-P-K: 16-08-12 + Mg + 6 microelements-S) was mixed with the growing medium at a dose of 3 g/L of substrate before transplanting. In the greenhouse, the watering regime was moderate in accordance with seedling growth and water demand (15 mm in the 2 first months, applied 2 days/week, and 25 mm in the last month, applied 2 days/week), allowing alternation between moist soil (SWC 25-30%) and dry soil (SWC 10-15% cm long) that grew outside the root plug were classified according to depth. Previously, PVC tubes were cut lengthwise into two sections to help remove river sand. In 10-cm intervals, from the bottom to the top of PVC tubes, river sand was carefully removed, and new roots were counted, cut and placed inside a polyethylene bag with 10 ml of water, and were finally frozen. Subsequently, and after being defrosted, roots were scanned (400 dpi) in a professional scanner (Epson Expression 1680 Pro). The obtained images were analysed by a specialised software (WinRhizo) to determine root length (RL, cm) and surface area (SA, cm 2 ). Finally, root dry weight (RB, g) was determined after oven drying at 65 ºC for 48 h. Specific root length (SRL, m.g -1 ) was calculated as the ratio between RL (m) and RB (g). The RL/SMT (m.g -1 ) ratio and the SA/volume ratio of the PVC tubes (RSA, cm 2 .cm -3 ) were also calculated.
Daily patterns of stomatal conductance
In order to assess daily patterns of stomatal conductance, a controlled drought experiment was carried out.
For this purpose, 30 seedlings per species randomly selected were separated in the greenhouse. Seedlings were watered to field capacity the night before the drought period began, and subsequently, they did not receive rain or watering. Stomatal conductance measurements were taken within three soil water content 
Stomatal conductance under different soil water content conditions
In order to assess the species response to different drought conditions, another drought period was conducted. In another set, 60 seedlings per species were randomly selected and placed in the greenhouse without rain and without watering. Similarly to the above experiment, seedlings were watered to field capacity the night before the drought period began. In this experiment, stomatal conductance measurements were taken within four target soil water content ranges: 25-30% (high), 20-25% (slightly high), 15-20% (medium), 5-10% (low) and 4-6% (very low). Every 2 or 3 days during the drought period, 10 seedlings per species were randomly selected from the target soil water content range. For this purpose, soil water content (m 3 ·m -3 ) was measured the previous night with a Theta Probe sensor (Delta-T Devices Ltd.). The next morning, stomatal conductance (Gs, mmol.m -2
.s -1 ) was measured in intervals from 10:30 h to 12:30 h by porometer AP4 (Delta-T Devices Ltd.). This procedure was repeated for the four target soil water content ranges, and under similar ambient conditions (light, air temperature and air humidity) for seedlings. During this drought period, the average temperature was 14.1 ºC and average air humidity was 71.5% (ESPOCH Weather Station data). The daily average total solar radiation was 442.2 W.m -2 (CEAA-ESPOCH).
Statistical analysis
Most of statistical analysis were carried out with the SPSS© statistical software, v. 18.0 (SPSS Inc.
Chicago, Illinois, USA). Data on seedling morphological characteristics, the RGC test (total values of the root morphology variables), and the stomatal conductance measured in intervals from 10:30 h to 12:30 h under the different soil water content conditions, were compared with an analysis of variance (one-way ANOVA; factors: species; Tukey's HSD post hoc test). General Linear Model Repeat Measures (GLM-ANOVAR) were used to analyse the data of the new root morphology by depth in the RGC test and the stomatal conductance values taken in the daytime. In this analysis, the Greenhouse-Geisser (G-G') value
indicates the results of testing the within-subjects effects (differences of species over time), and a P value indicates the results of testing the between-subjects effects (differences between species). We used statistical univariate F Greenhouse-Geisser when the sphericity hypothesis was rejected. Data were transformed when required to assure ANOVA assumptions. Data on soil water content as percentages were transformed by arcsine (√(x%/100)). To better understand the relationship between morphofunctional traits and the response to drought of the studied species, a principal components analysis (PCA) was conducted using the mean values of the variables for each species and the PRIMER-E software (Clarke and Gorley, 2006) . Selected morphological and functional variables were SLA, DWR/DWS, DWFR/ DWTR, SRL, RL/SMT, LAR, Gsmax at high SWC (Gs at 12:00 h at SWC: 30-35%),
and Gsmax at low SWC (Gs at 12:00 h at SWC: 4-6%). Most of these variables are the sums of the fractions of biomass or ratios of the morphological variables, which allow several directly measured variables to be analysed. Previously, the relationships between the studied variables were analysed by Pearson correlations.
Results
Morphological traits of seedlings and biomass allocation patterns
Significant differences (p < 0.01) were found for the morphological variables among the studied species.
Shoot height (Hs) after the growing period in the greenhouse was similar among all the species, but D showed significant differences among species (Table 2) . A. ferruginea and A. acuminata had thicker stems than other species like C. spinosa and P. sprucei. At the end of the culture period in the greenhouse,
A. acuminata had a higher Hs_RGR than the other species ( Table 2 ). The lowest values were observed in C. montana and P. sprucei. A. acuminata and A. ferruginea had highest D_RGR values, while C. spinosa and P. sprucei obtained the lowest values (Table 2) .
[Place Table 2 here]
Biomass distribution presented significant differences among species. On the one hand, the analysis on aboveground traits indicated that P. sprucei had the highest LDW, while C. montana and C. spinosa had the lowest ones. A. acuminata, A. ferruginea and S. molle had intermediate values (Table 2) . SDW showed no significant differences among species. The LA values revealed few differences among all the species, with C. spinosa having the lowest values ( acuminata showed highest LAR values, while C. spinosa and P. sprucei had the lowest ones ( Table 2 ).
The analysis on belowground traits yielded that DWTR was higher in C. spinosa, S. molle and A.
ferruginea but was lower in C. montana and A. acuminata ( (Table 2) . A. acuminata, P. sprucei, C. montana and A. ferruginea were the species with the highest DWFR/DWTR ratio, while C. spinosa and S. molle had the lowest values for this ratio (Table 2) .
New_DWR obtained the highest values in A. ferruginea and C. montana, and the lowest ones for C. spinosa and P. sprucei (Table 2 ). Despite differences being observed in both the root and leaf biomass fractions, no significant differences in DWR, DWS and SMT were found (Table A1 , Suppl. Mat.), nor in the DWR/DWS ratio (Table 2) .
Root growth capacity of soil colonisation
The morphological traits of the new roots grown outside the root plug (i.e. colonising surrounding soil)
were strongly determined by species. The RGC test reported that S. molle displayed the maximum rooting depth ( (Table 3) . RL displayed higher values in S. molle and A. ferruginea, whereas its lowest values were observed in C. spinosa, P. sprucei and C. montana (Table 3) . SA followed a similar trend as roots with values below 9 m.g -1 (Table 3 ). An analysis of root growth by substrate depth showed that S.
molle quickly developed an extensive root system in both shallow and deep soil layers (about 50 cm, Fig.   1 ). A similar pattern was observed in A. ferruginea and A. acuminata with lower deep soil penetration. P.
sprucei and C. spinosa exhibited the least root growth capacity in extension (upper horizons) and in depth (Fig. 1) . In fact, P. sprucei only showed roots up to a 20-cm depth 45 days after the RGC test began.
[Place Table 3 here]
[Place Fig. 1 here] 
Daily patterns of stomatal conductance
The stomatal conductance curves (Gs), measured on a daily basis under high SWC conditions, showed significant differences in the daytime (G-G' < 0.01) and between species (p < 0.001; Fig. 2A ). Under these SWC conditions, two species groups were found: the first was formed by A. ferruginea, S. molle and A. acuminata, with high Gs rates, especially at midday; and the other group (i.e. P. sprucei, C. montana, C. spinosa) showed moderate rates and a certain degree of stomatal closure at midday. For medium SWC, similar behaviour among species was observed with some stomatal closure at midday in all species (Fig. 2B ). This closure was more marked in the species with high Gs rates (i.e. A. ferruginea, S. molle and A. acuminata) than in those with moderate rates (i.e., P. sprucei and C. montana), in which it was non-existent. With low SWC, no significant differences in Gs among species were observed (p = 0.842, Fig. 2C ), but were found in temporal dynamics throughout the day (Sphericity assumed = 0.002).
All the species displayed a similar behaviour with a drop in Gs at midday, and higher Gs values early in the morning and late in the afternoon when temperature conditions were less stressful.
[Place Fig. 2 here] (Fig. 3) . Under slightly high (SWC about 20-25%; Fig. 3A ) and medium water availability conditions (i.e. SWC about 10-15%; Fig. 3 [Place Fig. 3 here] [Place Fig. 3 here] 
Stomatal conductance dynamics during a drought period
Relationships between morphological traits and stomatal conductance
In order to test the relationship between morphological traits and stomatal conductance, several correlations analyses were done. Under high SWC, Gsmax showed a positive correlation with the degree of root soil colonisation (RSA, Fig. 4 A) . A. ferruginea and S. molle obtained higher Gs given their larger SA per volume of explored soil. Under a low SWC, Gsmax correlated positively with SRL (Fig. 4 B) . Species such as C. spinosa and P. sprucei with a high SRL presented high Gs values under these SWC conditions.
A. acuminata showed a similar result, but its Gs initial was severely reduced. LAR correlated positively with SLA (Fig. 4 C) . P. sprucei and C. spinosa showed a lower LAR (LA per SMT) and a lower SLA (LA per LDW), which indicates that this species' leaves developed a higher degree of sclerophylly. The SRL variable correlated negatively with the LAR variable (Fig. 4 D) . C. spinosa and P. sprucei presented higher SRL and lower LAR. Variables RSA and RL/SMT correlated positively with variable D_RGR (Fig.   A1 Suppl. Mat.), and with maximum rooting depth (Table A2 ; Suppl. Mat.), respectively. The species with the largest SA per volume of explored soil (i.e. a higher RSA) also had a higher D_RGR, and the species with the highest RL/SMT developed higher rooting depth. Some correlations showed a certain tendency (P < 0.1; [Place Fig. 4 here]
The principal component analysis (PCA) of the morpho-functional variables and Gsmax at high and low SWC resulted in two axes, which explained 83.1% of total variance ( due to its high Gsmax at high SWC, similar to A. ferruginea and S. molle (Fig. 4A ), but displayed similar behaviour to C. spinosa and P. sprucei when SWC decreased (Fig. 4 B) . Besides, A. acuminata showed high SRL similar to P. sprucei and C. spinosa (Table 3 and Fig. 4B ).
[Place Fig. 5 here] 4. Discussion
Main morpho-functional characteristics developed by species
Morpho-functional traits varied among species. We found that Hs_RGR, D_RGR, LDW, DWTR, DWFR, New_DWR, LA, SLA and LAR showed differences among species in aboveground and belowground fractions (Table 2) . However, patterns of responses were not the same in the pairs of species for the same vegetation type. High RGR values are related to improved capacity to capture and use resources, and also to seedling development patterns (Galmés et al., 2005) . We observed that A. acuminata, A. ferruginea and S. molle, which belong to lower montane evergreen forest, montane cloud forest, and montane dry shrubland, respectively, were the species that simultaneously showed high or moderate Hs_RGR and D_RGR values. We expected that the two species from montane cloud forests, characterised by considerable precipitation and intense shade, would indicate the highest RGR values due to the characteristics of their ecosystem and their specific growth conditions (Pedraza et al., 2003; Ramírez-Marcial et al., 2006) . However, exceptions can exist depending on species' growth characteristics and abiotic factors as a result of canopy structure (Gavinet et al., 2015; Granados et al., 2015) .
Differences in leaf characteristics and allocation patterns of aboveground biomass were also observed among species. A. acuminata, A. ferruginea, S. molle and P. sprucei developed a high LDW and a large LA. In the same context, A. acuminata, S. molle and C. montana showed high values of LAR and SLA.
However, a larger LDW was not always related to higher LA values given the differences in SLA among species; e.g. P. sprucei had the highest LDW values, but intermediate LA values due to a higher degree of sclerophylly in its leaves (lowest SLA). LA and SLA are key traits that have been related to resistance to drought conditions, and also to the ability to capture resources, such as carbon fixation (Hernández et al., 2010; Valencia et al., 2016) .
Root allocation patterns and root morphology play a key role in species response to drought (Chirino et al., 2008) . Fine root development has been related to intense soil exploration capacity, and sometimes to high gas exchange rates and water flow throughout the root system (Vilagrosa et al., 2003; Hernández et al., 2009 Hernández et al., , 2010 (Padilla and Pugnaire, 2007; Chirino et al., 2008) , and this species can benefit from these conditions in water shortage periods; e.g., summer drought. In fact, S. molle was the species with the maximum rooting depth in the RGC test, with 50 cm over a 45-day period. The other species with a low DWFR/DWTR ratio, C. spinosa, had intermediate values.
Differences among species were also revealed by root morphological traits during the RGC test. Some species showed high root development capacity in length, e.g., S. molle with a root length over 8 m.
Differences in RL or SA were modulated by SRL. We observed that some species developed extremely fine roots with values that exceeded 20 meters per gram of root dry weight (C. spinosa, P. sprucei and A. acuminata), while others developed coarser roots and SRL values below 9 meters per gram of root dry weight (C. montana and A. ferruginea). SRL is considered a key plant trait as it has been related with other plant functional traits, such as water transport capacity, soil exploration capacity, gas exchange, etc. (Ostonen et al., 2007; Poorter and Ryser, 2015; Roumet et al., 2016) . In relation to water dynamics, several studies have found correlations between SRL and the hydraulic conductivity of roots (Rieger and Litvin, 1999; Hernández et al., 2010) , which highlights the role of root architecture in plant water status.
In fact Trubat et al. (2006 Trubat et al. ( , 2012 observed that low nutrient availability promoted thinner roots, higher SRL, and more root junctions. The same authors indicate that these root morphological traits have been related to low water transport capacity and, therefore, to a more moderate use of water under such conditions.
Daily patterns of gas exchange and stomatal sensitivity to water shortage during a drought period also reflected differences among species. The species with high Gs at midday under high SWC (A. acuminata, A. ferruginea and S. molle; Fig. 2A ), underwent major stomatal closure at midday with lower water availability ( Fig. 2B and C) . In contrast, those with moderate Gs (C. spinosa and C. montana) and low Gs (P. sprucei) maintained similar gas exchange patterns in the daytime with lower stomatal closure at midday ( Fig. 2A and B) . Similar patterns were recorded during the second drought period experiment.
Under high SWC conditions (SWC 25-30%), A. acuminata, A. ferruginea and S. molle obtained the highest gas exchange rate, which reflects high capacity for water absorption and transport to leaves.
However, they were also the more sensitive species to drought conditions when SWC lowered (Fig. 3D ).
Species with less tolerance to drought conditions show major reductions in stomatal conductance to maintain a stable leaf water content (McDowell, 2011; Vilagrosa et al., 2010) . Unfortunately, this experiment does not have available data on water potential or leaf water content. However, variations in soil water content can be considered a good proxy to estimate water availability in relation to the xylem water potential or leaf water content. Moreover, and in agreement with this study, A. acuminata has been previously described as a drought-avoider species, which is very sensitive to water deficit, and avoids water deficit stress by dropping its foliage during drought (Esperón-Rodríguez and Barradas, 2015) . On the opposite extreme, we find species like P. sprucei with low Gs, with slighter reductions in Gs under drought conditions and relatively high values (i.e. about 30%, Fig. 3D ) for SWC of 4-6% compared to the initial Gs values. Those species that present low sensitivity to soil drought conditions can be considered drought-tolerant species, according to Levitt (1980) . These species had low gas exchange rates, which allows water to be maintained in soil longer, prolonging water availability for the plant.
Other functional characteristics were related to the root system, e.g., the amount of fine root biomass and SRL, as both traits are related to efficient soil exploration capacity (Hernández et al., 2009; Trubat et al., 2012) . These parameters should support exploration and water absorption to maintain gas exchange rates.
These previous statements agree with our results. Species as A. acuminata, A. ferruginea, S. molle and C. montana showed high RL in upper soil horizons (Fig. 1) , high RSA and high gas exchange rates (Fig.   4A ). Species that adopt an isohydric strategy should be able to sustain high growth rates and productivity during high water availability periods, but their carbon fixation could sharply drop with strong soil water content reductions (McDowell, 2011) . This would be the case for A. acuminata, A. ferruginea and C.
montana. Recent studies have pointed out that this strategy could be at high risk of suffering severe mortality events due to lack of carbon fixation during the common drought periods that have occurred in recent years (McDowell, 2011) . In fact extensive plant mortality, associated with species' isohydric behaviour, has been reported elsewhere (Allen et al., 2010; Martínez-Vilalta et al., 2011; García de la Serrana et al., 2015) . On the opposite extreme, we find P. sprucei, with its high fine root biomass, scleromorphic leaves and low gas exchange rates, but low sensitivity to water shortage, being able to maintain slightly high gas exchange rates under drought conditions. This response pattern reflects some degree of tolerance to drought stress, and is displayed by species with particular adaptations to resist intense drought events, such as high resistance to xylem vulnerability to cavitation (Levitt, 1980; Vilagrosa et al., 2014; Pausas et al., 2016) . S. molle has been considered a drought-tolerant species (Iponga et al., 2008; Brandt et al., 2014) , which agrees with our results. Drought response for C. spinosa, P. sprucei and A. ferruginea has been less studied.
Morpho-functional traits and drought resistance
The analysis of the functional relationships showed that some morphological and functional variables were closely related, which indicates associations between form and function, with consequences on the drought resistance of species. D_RGR positively correlated with the colonisation of the root system in soil, expressed as RSA (Fig. A1 Suppl. Mat.), and tended to positively correlate with the maximum stomatal conductance rates (Gsmax ; Table A2 ; Suppl. Mat.). Gsmax (SWC 20-25%) was positively correlated to RSA and showed a tendency to correlate positively with RL/SMT, and Gsmax (SWC 4-6%) correlated positively to SRL (Fig. 4 B) . This indicates close connections between gas exchange patterns and root growth patterns. In fact root architecture and plant productivity have been related in previous studies (Lynch, 1995; Trubat et al., 2006) . In this sense, the results of the present study showed that species with high root growth capacity and high soil colonisation should be able to maintain high Gs rates and higher D_RGR, under optimum SWC.
Other leaf characteristics (e.g. LAR and SLA) correlated positively (Fig. 4C) , which indicates that the leaves of the plants with a large LA per dry mass of plant have a lower degree of sclerophylly (high SLA). SRL correlated negatively with LAR ( Fig. 4D) , i.e. plants with thinner roots (high SRL) had a small total LA per plant biomass unit (LAR). Indeed the results showed that plants with thicker roots (i.e.
lower SRL) produce a larger LA. In line with this, it has been observed that thicker roots are able to conduct more water per transverse section unit to shoots than fine roots (Chirino et al., 2008) .
Several studies have related plant functional traits with plant strategy (i.e. rates of resource acquisition and processing rate; Wright et al., 2004; Reich et al., 2014) . According to Zhao et al. (2016) , A.
acuminata, A. ferruginea, S. molle and C. montana, species that showed more shallow roots (Fig. 1) , and high LAR and SLA (Table 2 ) could be related with an acquisitive strategy under well-watered conditions (i.e. high water consumption, cheap root tissue investment and rapid returns on that investment in aboveground biomass). In contrast, C. spinosa and P. sprucei showed lower root biomass, but with a homogeneous vertical root distribution (Fig. 1) , and low LAR and SLA (Table 2 ). This pattern of response would be related to a more conservative strategy (i.e. a water saver strategy, more expensive root tissue investment, and lower aboveground biomass allocation).
The analysis of the relationship between the physiological responses of species and their ecological distribution indicated an unclear association in water use terms. In fact previous studies have reported that species with different water use strategies can co-exist in the same ecosystems due to the morphofunctional traits that determine patterns of responses to water limitations (McDowell et al., 2008; Hernandez et al., 2010; Vilagrosa et al., 2014; Pausas et al., 2016) . Drought avoidance responses, such as earlier stomatal closure (Levitt, 1980) , observed in several species was not related to a specific type of ecosystems, e.g. species considered avoiders, like A. acuminata (Esperón-Rodríguez and Barradas, 2015) or A. ferrruginea, live in different ecosystems, but with high annual precipitation (>2.500 mm.year -1 ).
Other species seem to follow a drought-tolerant strategy due to delayed stomatal closure under lower SWC conditions, such as P. sprucei or C. spinosa, which live in very different ecosystems like montane cloud forest and montane dry shrubland, respectively, which present a clear difference in the annual precipitation (difference > 1.500 mm.year -1
).
The PCA analysis also revealed a close relationship among the species that pertain to different ecosystems, and a clear separation among the species that live in similar ones. Indeed a clear separation between C. spinosa and S. molle, despite them belonging to the same vegetation type (montane dry shrubland), was observed (Fig. 5) . Similarly, a differentiation was found between P. sprucei and A.
ferruginea, both species living in montane cloud forest; and also between A. acuminata and C. montana which belong to lower montane evergreen forest. The PCA results grouped A. ferruginea, C. montana and S. molle, which were related to high and moderate LAR, SLA RL/SMT and RSA values. These species showed high gas exchange rates for high SWC, but were much less resistant to drought conditions.
Another group, represented by P. sprucei and C. spinosa, was related to high SRL , but with high and low DWFR/DWTR ratio respectively. These species showed reduced Gs to cope with drought stress, and maintained relatively high values compared to the former group. Similarly to the unclear association between species physiological responses and their ecological distribution, we did not find clear patterns for species' leaf habits. A. acuminata also showed high sensitivity to drought conditions, but its position in the PCA results figure (Fig. 5 ) is due to its high Gsmax at high SWC and high SRL. In fact, it showed a marked stomatal closure at midday (Fig. 2) and a sharp drop in Gsmax along with S. molle and C. montana when SWC lowered (Fig. 3) .
In summary, the differences in the morpho-functional traits of the studied species determined the response to drought conditions and the ability to maintain slightly high gas exchange rates under suboptimal water availability conditions. Contrary to our hypothesis, the two species that live in the dry ecosystem were not the most drought-resistant. Unexpectedly, P. sprucei, an evergreen tree from montane cloud forest has been related to drought-resistant species, jointly with C. spinosa, a species belonging to montane dry shrubland. Both species have been related to conservative strategy. Species like A. acuminata, A. ferruginea, C. montana and S. molle have been related to less resistance to drought conditions and an acquisitive strategy. According to the estimations made of the potential impact of climate change on the establishment of new individuals of the studied species, the results suggest that the species with functional traits related to a conservative water use, an efficient root-soil colonisation, and moderate allocation patterns in favour of aboveground biomass, would be the least vulnerable species to drought.
However, caution is recommended because plant response to drought conditions is the result of a wide array of abiotic and biotic factors that interact in ecosystems.
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